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METHOD FOR FORMING
SEMICONDUCTOR STRUCTURES AND
SEMICONDUCTOR STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure 1s a continuation application of
International Patent Application No. PCT/CN2021/107423,
filed on Jul. 20, 2021 and titled “METHOD FOR FORM-
ING SEMICONDUCTOR STRUCTURE AND SEMICON:-
DUCTOR STRUCTURE”, which 1s based on and claims the
priority to Chinese Patent Application 202110258133.9,
titled “METHOD FOR FORMING SEMICONDUCTOR
STRUCTURE AND SEMICONDUCTOR STRUCTURE”
and filed on Mar. 9, 2021. The entire contents of Interna-
tional Patent Application No. PCT/CN2021/107423 and
Chinese Patent Application 202110258133.9 are incorpo-
rated herein by reference.

TECHNICAL FIELD

The present disclosure relates to, but not limited to, a
method for forming a semiconductor structure and a semi-
conductor structure.

BACKGROUND

As the line width of dynamic random access memories
(DRAMSs) decreases gradually, the distance between adja-
cent bit line structures also decreases gradually, resulting 1n
the increase of the depth-to-width ratio of the dielectric layer
and capacitor contact holes formed subsequently between
adjacent bit line structures.

In the process of patterning sacrificial layers to form
trenches required by the dielectric layer between adjacent bit
line structures, due to the large depth-to-width ratio of the
dielectric layer, the trenches formed by patterning also have
a large depth-to-width ratio, so there may be etching resi-
dues 1n the bottom sacrificial layer. The etching residues will
lead to the communication between adjacent capacitor con-
tact holes during the subsequent process of forming capaci-
tor contact holes, and thus aflect the yield of the semicon-
ductor structure. If secondary etching 1s performed on the
etching residues, the trenches will become larger 1n size, and
the size of the subsequently formed capacitor contact holes
1s thus affected.

SUMMARY

A aspect of the present disclosure provides a method for
forming a semiconductor structure, comprising: providing a
substrate, and forming discrete bit line structures on the
substrate; forming a first sacrificial layer on the surface of
the substrate on the bottoms of gaps of the bit line structures;
forming a second sacrificial layer filling the gaps of the
discrete bit line structures, the second sacrificial layer being
located on the top of the first sacrificial layer, and a matenal
for the first sacrificial layer being diflerent from a material
for the second sacrificial layer; patterning the second sacri-
ficial layer and the first sacrificial layer to form openings, the
formed openings and the remaining of the second sacrificial
layer being arranged alternately 1n an extension direction of
the bit line structures; forming a dielectric layer filling the
openings; and, removing the remaining of the first sacrificial
layer and the remaining of the second sacrificial layer to
form capacitor contact holes, the formed capacitor contact
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2

holes and the dielectric layer being arranged alternately in
the extension direction of the bit line structures.

A second aspect of the present disclosure provides a
semiconductor structure, comprising: a substrate, and dis-
crete bit line structures located on the substrate; a first
sacrificial layer, located on the surface of the substrate on the
bottoms of gaps of the bit line structures, a thickness of the
first sacrificial layer being less than a thickness of the bit lin
structures; and, a second sacrificial layer, located on the
surface of the first sacrificial layer on the bottoms of the gaps
of the bit line structures, a material for the first sacrificial
layer being different from a material for the second sacrifi-
cial layer, the first sacrificial layer and the second sacrificial
layer are configured to form a dielectric layer and capacitor
contact holes between the discrete bit line structures.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings incorporated into the specification and
constituting a part of the specification show the embodi-
ments of the present disclosure, and are used with the
description to explain the principles of the embodiments of
the present disclosure. Throughout the drawings, like refer-
ence numerals denote like elements. The drawings to be
described hereimnafter are some but not all of the embodi-
ments of the present disclosure. Those skilled in the art can
obtain other drawings according to these drawings without
paying any creative effort.

FIG. 1 1s a top view of a substrate and bit line structures
according to an embodiment of the present disclosure;

FIG. 2 1s a schematic structure diagram of the section of
the substrate and the bit line structure in A-A' direction
shown 1n FIG. 1;

FIG. 3 1s a schematic structure diagram of the structure
shown 1n FIG. 2 after a first sacrificial layer 1s formed on the
surface of the substrate on the bottoms of gaps of the bit line
structures;

FIG. 4 1s a schematic structure diagram of the structure
shown 1n FIG. 3 after a second sacrificial layer filling the
gaps of the bit discrete bit line structures 1s formed;

FIG. 5 1s a schematic structure diagram the structure
shown 1n FIG. 4 after a patterned photoresist 1s formed on
the top surface of the second sacrificial layer;

FIG. 6 1s a schematic structure diagram of the structure
shown 1n FIG. 5 after a part of the second sacrificial layer 1s
removed on the basis of the patterned photoresist to form
pre-openings;

FIG. 7 1s a schematic structure diagram of the structure
shown 1n FIG. 6 after the first sacrificial layer exposed by the
pre-openings 1s removed to form openings;

FIG. 8 1s a schematic structure diagram of the structure
shown 1 FIG. 7 after a dielectric layer filling the openings
1s formed;

FIG. 9 1s a schematic structure diagram of the structure
shown 1n FIG. 8 after the remaining of the second sacrificial
layer 1s removed to form through wvias;

FIG. 10 1s a schematic structure diagram of the structure
shown 1n FIG. 9 after the first sacrificial layer on the bottoms
of the through vias 1s removed to form capacitor contact
holes; and

FIG. 11 1s a top view of the dielectric layer and the second
sacrificial layer according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

The technical solutions 1n the embodiments of the present
disclosure will be described clearly and completely with
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reference to the drawings 1n the embodiments of the present
disclosure. Apparently, the embodiments to be described are
only some but not all of the embodiments of the present
disclosure. All other embodiments obtained on the basis of
the embodiments in the present disclosure by those skilled in
the art without paying any creative effort shall fall into the
protection scope of the present disclosure. It 1s to be noted
that the embodiments of the present disclosure and the
features 1n the embodiments can be arbitrarily combined
with each other 11 not contlicted.

In the existing methods for forming a semiconductor
structure, the distance between adjacent bit line structures
decreases gradually, resulting in the increase of the depth-
to-width ratio of the dielectric layer and capacitor contact
holes formed subsequently between adjacent bit line struc-
tures. In the process of patterning sacrificial layers to form
trenches required by the dielectric layer between adjacent bit
line structures, due to the large depth-to-width ratio of the
dielectric layer, the trenches formed by patterning also have
a large depth-to-width ratio, so there may be etching resi-
dues 1n the bottom sacrificial layer. The etching residues will
lead to the communication between adjacent capacitor con-
tact holes during the subsequent process of forming capaci-
tor contact holes, and thus affect the yield of the semicon-
ductor structure. If secondary etching 1s performed on the
etching residues, the trenches will become larger 1n si1ze, and
the size of the subsequently formed capacitor contact holes
1s thus afl

ected.

An embodiment of the present disclosure provides a
method for forming a semiconductor structure, comprising,
following steps: providing a substrate, and forming discrete
bit line structures on the substrate; forming a first sacrificial
layer on the surface of the substrate on the bottom of gaps
of the bit line structures; forming a second sacrificial layer
filling the gaps of the discrete bit line structures, the second
sacrificial layer being located on the top of the first sacrificial
layer, and material for the first sacrificial layer being difler-
ent from the material for the second sacrificial layer; pat-
terming the second sacrificial layer and the first sacrificial
layer to form openings, the formed openings and the remain-
ing of the second sacrificial layer being arranged alternately
in an extension direction of the bit line structures; forming
a dielectric layer filling the openings; and, removing the
remaining of the first sacrificial layer and the remaining of
the second sacrificial layer to form capacitor contact holes,
the formed capacitor contact holes and the dielectric layer
being arranged alternately 1n the extension direction of the
bit line structure.

FIG. 1 1s a top view of the substrate and the bit line
structures according to this embodiment; FIGS. 2-10 are
sectional views of the steps in the method for forming a
semiconductor according to this embodiment; and FIG. 11 1s
a top view of the dielectric layer and the second sacrificial
layer according to this embodiment. The method for forming
a semiconductor structure according to this embodiment will
be described 1n detail below with reference to the drawings,
specifically:

Referring to FIGS. 1 and 2, a substrate 100 1s provided,
and discrete bit line structures 130 are formed on the
substrate 100.

Referring to FIG. 1, a substrate 100 having active regions
120 and word line structures 101 1s provided.

The plurality of active regions 120 are arranged at inter-
vals 1n parallel. It 1s to be noted that, in addition to the word
line structures 101 and the active regions 120, the substrate
100 further comprises other memory structures, for example,
shallow trench 1solation structures 110 (referring to FIG. 2),
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etc. Since other memory structures do not involve the core
technology of the present disclosure, they will not be
described 1n detail here. It should be understood by those
skilled 1n the art that, in addition to the word line structures
101 and the active regions 120, the substrate 100 further
comprises other memory structures for the normal operation
of the memory.

The material for the substrate 100 may comprise sapphire,
s1licon, silicon carbide, gallium arsenide, aluminum nitride,
zinc oxide, etc. In this embodiment, the substrate 100 adopts
a silicon material. It will be appreciated by those skilled 1n
the art that, the use of the silicon material as the substrate
100 1n this embodiment 1s convenient for those killed 1n the
art to understand the subsequent formation method and does
not constitute any limitation. In practical applications, a
proper material for the substrate can be selected as required.

Referring to FIG. 2, the word line structures 101 are
buried word line structures located in the substrate 100. In
the sectional view of the section AA1 (referring to FIG. 5),
the word line structures 101 are located 1n the shallow trench
isolation structures 110, and there 1s an 1solation layer 1n the
shallow trench i1solation structures 110. The 1solation layer 1s
configured to realize electrical 1solation between the word
line structures 101 and the conductive structure on the top of
the substrate 100.

Continuously referring to FIG. 1, discrete bit line struc-
tures 130 are formed on the substrate 100.

The extension direction of the bit line structures 130 1s
perpendicular to the extension direction of the word line
structures 101. Each of the bit line structures 130 comprises
a bit line contact layer, a metal layer and a top dielectric
layer which are stacked successively. The material for the bat
line contact layer comprises tungsten or polycrystalline
silicon. The metal layer may be made of one or more
conductive matenals, such as doped polycrystalline silicon,
titanium, titanium nitride, tungsten and tungsten com-
pounds. The material for the top dielectric layer comprises
silicon nitride, silicon dioxide, or silicon oxynitride.

Referring to FIG. 3, a first sacrificial layer 201 1s formed
on the surface of the substrate 100 on the bottoms of gaps of
the bit line structures 130.

The forming a first sacrificial layer 201 on the surface of
the substrate 100 on the bottoms of gaps of the bit line
structures 130 comprises following steps.

A first sacrificial film (not shown) that covers the tops and
sidewalls of the bit line structures 130 and covers the
substrate 100 on the bottoms of the gaps of the bit line
structures 130 1s formed.

In this embodiment, the first sacrificial film (not shown)
1s formed by atomic layer deposition. The first sacrificial
film (not shown) formed by atomic layer deposition has high
coverage and density, and the first sacrificial film (not
shown) formed on the sidewalls of the bit line structures 130
1s thin and easy to remove 1n the subsequence process. In
other embodiments, the first sacrificial film (not shown) may
also be formed by chemical vapor deposition.

In an example, the material for the first sacrificial film (not
shown) 1s a carbon-containing material or an oxygen-con-
taining material. In the subsequent process of removing the
first sacrificial film (not shown) or the first sacrificial layer
201, the first sacrificial layer (not shown) or the first sacri-
ficial layer 201 may be removed by ashing. The ashing gas
reacts with the carbon-containing material or oxygen-con-
taining material to produce gaseous carbon dioxide or liquid
water, and the first sacrificial film (not shown) or the first
sacrificial layer 201 1s converted into carbon dioxide gas or
liqguid water, so that the first sacrificial film (not shown) or
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the first sacrificial layer 201 1s removed. Moreover, second-
ary etching of other semiconductor materials 1s avoided, and
the yield of the semiconductor 1s aflected.

The first sacrificial film (not shown) located on the tops
and sidewalls of the bit line structures 130 are removed, and
the remaining of the first sacrificial film (not shown) forms
the first sacrificial layer 201.

In this embodiment, the formed first sacrificial layer 201
has a thickness ranging from 3 to 5 nm, for example, 5 nm,
7 nm or 9 nm. In this embodiment, by forming the first
sacrificial layer 201 having a thickness of 3 to 10 nm, the
stability of the first sacrificial layer 201 and the second
sacrificial layer 202 1s improved. If the first sacrificial layer
201 has a thickness of greater than 10 nm, the trenches
formed by patterning the first sacrificial layer 201 also has
a large depth-to-width ratio, so that there may be etching
residues 1n the first sacrificial layer 201 on the bottom. If the
first sacrificial layer 201 has a thickness of less than 3 nm,
there 1s a large diflerence 1n thickness between the first
sacrificial layer 201 and the second sacrificial layer 202, so
that the formed first sacrificial layer 201 and second sacri-
ficial layer 202 are not stable i structure, and the subse-
quently formed semiconductor structure has structural
defects.

Referring to FIG. 4, a second sacrificial layer 202 filling
the gaps of the discrete bit line structures 130 1s formed. The
second sacrificial layer 202 1s located on the top of the first
sacrificial layer 201, and the material for the first sacrificial
layer 201 1s different from the matenial for the second
sacrificial layer 202.

The material for the first sacrificial layer 201 1s diflerent
from the material for the second sacrificial layer 202, and the
ctching selectivity ratio of the material for the first sacrificial
layer to the material for the second sacrificial layer when
ctched by the same etching matenal 1s greater than 5:1.

The forming a second sacrificial layer filling the gaps of
the discrete bit line structures 130 comprises the following,
steps.

A second sacrificial film (not shown) that fills the gaps of
the bit line structures 130 and covers the bit line structures
130 1s formed on the surface of the first sacrificial layer 201.

In this embodiment, the second sacrificial film (not
shown) 1s formed by chemical vapor deposition. The second
sacrificial film (not shown) formed by chemical vapor
deposition has a higher deposition rate, so 1t 1s advantageous
to shorten the process period. In other embodiments, the
second sacrificial film (not shown) 1s a hard mask formed by
spin coating. The second sacrificial film (not shown) formed
by spin coating also has a higher deposition rate, so 1t 1s
advantageous to shorten the process period.

In this embodiment, the material for the second sacrificial
film (not shown) 1s an 1nsulating material with low density,
for example, silicon oxide, silicon oxynitride or other mate-
rials. By using the insulating material with low density, a
higher etching rate 1s allowed during the subsequent etching,
of the second sacrificial layer 202, so that 1t 1s advantageous
to shorten the process period.

The second sacrificial film (not shown) 1s planarized until
the height of the remaining of the second sacrificial film (not
shown) 1s consistent with the height of the bit line structures
130. The remaining ol the second sacrificial film (not
shown) forms the second sacrificial layer.

In this embodiment, the density of the first sacrificial layer
201 1s less than that of the second sacrificial layer 202. As
well-known to those skilled in the art, the density of the
material 1s related to the etched rate of the material. The
higher the density 1s, the lower the etched rate 1s. By limiting,
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that the density of the first sacrificial layer 201 is less than
that of the second sacrificial layer 202, it 1s easier to remove
the first sacrificial layer 201, and the trenches formed by the
second sacrificial layer 202 are prevented from being etched
by the etching maternial in the process of etchung the first
sacrificial layer 201.

In an example, the thickness ratio of the formed first
sacrificial layer 201 to the formed second sacrificial layer
202 1s less than or equal to 1:10. For example, the thickness
ratio of the first sacrificial layer 201 to the second sacrificial
layer 202 1s 1:3, 1:5, 1.7 or 1:9. In this embodiment, by
forming the first sacrificial layer 201 and the second sacri-
ficial layer 202 at a thickness ratio less than or equal to 1:10,
the stability of the formed first sacrificial layer 201 and
second sacrificial layer 202 1s ensured.

In addition, 1t 1s to be noted that, the material for the first
sacrificial layer 201 comprises, but not limited to, silicon
oxide, and the material for the second sacrificial layer 202
comprises, but not limited to, SOH. In other embodiments,
the materials for the first sacrificial layer and the second
sacrificial layer only need to meet the above thickness range
and thickness relationship as long as the technical effects to

be achieved 1n this embodiment can be achieved, so it
belongs to the protection scope of the present disclosure.

Referring to FIGS. 5-7, the second sacrificial layer 202
and the first sacrificial layer 201 are patterned to form
openings 214 (referring to FIG. 7). The formed openings 214
and the remaining of the second sacrificial layer 202 are
arranged alternately 1n the extension direction of the bit line
structures 130.

In this embodiment, the patterning the second sacrificial
layer 202 and the first sacrificial layer 201 to form openings
214 comprises the following steps.

Referring to FI1G. 5, a patterned photoresist 203 1s formed
on the top surface of the second sacrificial layer 202.

Referring to FIG. 6, a part of the second sacrificial layer
202 1s removed on the basis of the patterned photoresist to
form pre-openings 204. The formed pre-openings 204 and
the remaiming of the second sacrificial layer 202 are
arranged alternately 1n the extension direction of the bit line
structures 130.

Referring to FIG. 7, the first sacrificial layer 201 exposed
by the pre-openings 204 1s removed to form openings 214.

The etching selectivity ratio of the used etching material
for the material for the first sacrificial layer 201 and the
second sacrificial layer 202 1s 3:1. At a higher etching
selectivity ratio, 1t 1s ensured that the trenches formed by
etching the second sacrificial layer 202 will not be affected
in the process of etching the first sacrificial layer 201.

In other embodiments, a part of the second sacrificial
layer and the first sacrificial layer can be removed directly on
the basis of the patterned photoresist by a unified etching
material 1n a one-step process to form openings. In this case,
the etching selectivity ratio of the used etching maternial for
the material for the first sacrificial layer and the second
sacrificial layer 1s 5:1. At a higher etching selectivity ratio,
it 1s ensured that the trenches formed by etching the second
sacrificial layer will not be affected 1n the process of etching
the first sacrificial layer.

Referring to FIG. 8, a dielectric layer 2035 filling the
openings 214 1s formed.

The forming a dielectric layer 205 filling the openings 214
comprises the following steps: forming a dielectric film (not
shown) that fills the openings 214 and covers the second
sacrificial layer 202; and, planarizing the dielectric film until
the height of the remaining of the dielectric film (not shown)
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1s consistent with that of the second sacrificial layer 202, the
remaining of the dielectric film (not shown) forming the
dielectric layer 205.

Referring to FIG. 11, the formed dielectric layer 205 and
the second sacrificial layer 202 are arranged alternately in
the extension direction of the bit line structures 130.

In this embodiment, the dielectric film (not shown) 1s
formed by chemical vapor deposition. The dielectric film
(not shown) formed by chemical vapor deposition has a
higher deposition rate, so it 1s advantageous to shorten the
process period.

In this embodiment, the material for the dielectric layer
205 1s silicon nitride. Thus, 1t 1s ensured that 1t 1s difhicult to
damage the dielectric layer 205 1n the subsequent process for
removing the second sacrificial layer 202 and the first
sacrificial layer 201. In other embodiments, the material for
the dielectric layer may also be silicon oxynitride, silicon
carbonitride or other insulating materials.

Referring to FIGS. 9 and 10, the remaining of the first
sacrificial layer 201 and the second sacrificial layer 202 are
removed to form capacitor contact holes 216 (referring to
FIG. 10). The formed capacitor contact holes 216 and the
dielectric layer 205 are arranged alternately 1n the extension
direction the bit line structures 130.

The removing the remaining of the first sacrificial layer
201 and the second sacrificial layer 202 to form capacitor
contact holes 216 comprises the following steps.

Referring to FIG. 9, the remaining of the second sacrifi-
cial layer 202 1s removed on the basis of the dielectric layer
205 and the bit line structures 130 to form through vias 206,
and the through vias 206 expose the first sacrificial layer
201.

In an example, the remaining of the second sacrificial
layer 202 1s removed by ashing.

The sacrificial layers are removed by ashing to form
through vias 206. The size of the formed through vias 206
1s approximately equal to that of the second sacrificial layer
202. The ashing gas used 1n the ashing process comprises
one or a combination of more of nitrogen, hydrogen or
oxygen. The ashing gas chemically reacts with the sacrificial
layers made of a carbon-containing material or an oxygen-
containing material. The solid second sacrificial layer 202
produces gaseous carbon dioxide or liquid water, so that the
solid state 1s changed to the gaseous state or liquid state, and
the through vias 206 are formed. When the through vias 206
are formed by the ashing process, a large impact force will
not be caused on the sidewalls of the through vias 206, and
the sidewall collapse 1s avoided.

Referring to FIG. 10, the first sacrificial layer 201 on the
bottoms of the through vias 206 1s removed on the basis of
the dielectric layer 205 and the bit line structures 130 to form
the capacitor contact holes 216.

In addition, in this embodiment, the first sacrificial layer
201 1s of a single-layer structure. In other embodiments, the
first sacrificial layer may be of a multi-layer structure. In this
case, the forming a first sacrificial layer on the surface of the
substrate on the bottoms of gaps of the bit line structures
comprises the following steps: forming a first sub-sacrificial
layer on the surface of the substrate on the bottoms of the
gaps of the bit line structures; and, forming a second
sub-sacrificial layer on the top surface of the first sub-
sacrificial layer, the material for the first sub-sacrificial layer
being diflerent from the material for the second sub-sacri-
ficial layer, the first sub-sacrificial layer and the second
sub-sacrificial layer forming the first sacrificial layer. By
using the first sacrificial layer of a multi-layer structure, the
thickness of the sacrificial layers to be etched by each
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etching process can be decreased, and 1t can be ensured that
there are no etching residues on the bottoms of the trenches
formed by each etching process.

It 1s to be noted that, the method for forming a first
sacrificial layer of a double-layer structure has been 1llus-
trated above, and a third sub-sacrificial layer, a fourth
sacrificial layer or other structures can be formed on the top
surface of the second sub-sacrificial layer to realize a first
sacrificial layer of a multi-layer structure.

The sacrificial layers formed in the gaps of the discrete bit
line structures comprise a first sacrificial layer on the bottom
and a second sacrificial layer on the top, and the material for
the first sacrificial layer 1s different from the material for the
second sacrificial layer. Thus, during the process of etching
the sacrificial layers to form openings, the thickness of the
sacrificial layers to be etched by each etching process 1s
decreased, the depth-to-width ratio of the trenches to be
formed by a single etching process 1s reduced, and 1t 1s
ensured that there are no etching residues on the bottoms of
the trenches formed by each etching process. In addition,
since the material for the first sacrificial layer 1s different
from the maternial for the second sacrificial layer, the
trenches formed by etching the second sacrificial layer wall
not be aflected in the process of etching the first sacrificial
layer, and 1t 1s ensured that completely etched trenches are
formed without aflecting the size of the dielectric layer and
the size of the capacitor contact holes.

The division of the steps above 1s just for clanty of
description. When implemented, the steps may be combined
into one step or some steps may be split and decomposed
into multiple steps, as long as they include the same logical
relationship, without departing from the scope of the present
application. Adding insignificant modifications to the pro-
cess or introducing insignificant designs without changing
the key design of the process are within the protection scope
of the present application.

Another aspect of the present disclosure provides a semi-
conductor structure, comprising: a substrate, and discrete bit
line structures located on the substrate; a first sacrificial
layer, located on the surface of the substrate on the bottoms
of gaps of the bit line structures, the thickness of the first
sacrificial layer being less than that of the bit line structures;
and, a second sacrificial layer, located on the surface of the
first sacrificial layer on the bottoms of the gaps of the bit line
structures, the material for the first sacrificial layer being
different from the maternial for the second sacrificial layer,
wherein the first sacrificial layer and the second sacrificial

layer are configured to form a dielectric layer and capacitor
contact holes between the discrete bit line structures.

FIG. 4 1s a sectional view of the semiconductor structure
according to this embodiment. The semiconductor structure
according to this embodiment will be described 1n detail
below with reference to the drawings, specifically;

Retferring to FIG. 4, the semiconductor structure com-
Prises:

a substrate 100, and discrete bit line structures 130 located
on the substrate 100.

The substrate 100 comprises active regions and word line
structures 101. The plurality of active regions 120 are
arranged at intervals in parallel. It 1s to be noted that, 1n
addition to the word line structures 101 and the active
regions 120, the substrate 100 further comprises other
memory structures, for example, shallow trench 1solation
structures 110 (referring to FIG. 2), etc. Since other memory
structures do not involve the core technology of the present
disclosure, they will not be described in detail here. It should
be understood by those skilled 1n the art that, in addition to




US 12,089,400 B2

9

the word line structures 101 and the active regions 120, the
substrate 100 further comprises other memory structures for
the normal operation of the memory.

The material for the substrate 100 may comprise sapphire,
silicon, silicon carbide, galllum arsenide, aluminum nitride,
zinc oxide, etc. In this embodiment, the substrate 100 adopts
a silicon material. It will be appreciated by those skilled 1n
the art that, the use of the silicon material as the substrate
100 1n this embodiment 1s convenient for those killed 1n the
art to understand the subsequent formation method and does
not constitute any limitation. In practical applications, a
proper material for the substrate can be selected as required.

The word line structures 101 are buried word line struc-
tures located 1n the substrate 100. In the sectional view of the
section AA1 (referring to FIG. 1), the word line structures
101 are located 1n the shallow trench 1solation structures
110, and there 1s an 1solation layer in the shallow trench
1solation structures 110. The 1solation layer 1s configured to
realize electrical 1solation between the word line structures
101 and the conductive structure on the top of the substrate
100.

Referring to FIG. 1, discrete bit line structures 130 are
tormed on the substrate 100.

The extension direction of the bit line structures 130 1s
perpendicular to the extension direction of the word line
structures 101. Each of the bit line structures 130 comprises
a bit line contact layer, a metal layer and a top dielectric
layer which are stacked successively. The material for the bit
line contact layer comprises tungsten or polycrystalline
silicon. The metal layer may be made of one or more
conductive matenals, such as doped polycrystalline silicon,
titanium, titanium nitride, tungsten and tungsten com-
pounds. The material for the top dielectric layer comprises
silicon nitride, silicon dioxide, or silicon oxynitride.

The semiconductor structure further comprises: a first
sacrificial layer 201, located on the surface of the substrate
100 on the bottoms of gaps of the bit line structures 130, the
thickness of the first sacrificial layer 201 being less than that
of the bit line structures 130.

The semiconductor structure further comprises: a second
sacrificial layer 202, located on the surface of the first
sacrificial layer 201 on the bottoms of the gaps of the bit line
structures 130, the material for the first sacrificial layer 201
being different from the material for the second sacrificial
layer 202.

In this embodiment, the formed first sacrificial layer 201
has a thickness ranging from 3 to 5 nm, for example, 5 nm,
7 nm or 9 nm. In this embodiment, by forming the first
sacrificial layer 201 having a thickness of 3 to 10 nm, the
stability of the first sacrificial layer 201 and the second
sacrificial layer 202 1s improved. If the first sacrificial layer
201 has a thickness of greater than 10 nm, the trenches
formed by patterning the first sacrificial layer 201 also has
a large depth-to-width ratio, so that there may be etching
residues 1n the first sacrificial layer 201 on the bottom. If the
first sacrificial layer 201 has a thickness of less than 3 nm,
there 1s a large difference in thickness between the first
sacrificial layer 201 and the second sacrificial layer 202, so
that the formed first sacrificial layer 201 and second sacri-
ficial layer 202 are not stable i structure, and the subse-
quently formed semiconductor structure has structural
defects.

In this embodiment, the thickness ratio of the formed first
sacrificial layer 201 to the formed second sacrificial layer
202 1s less than or equal to 1:10. For example, the thickness
rat1o of the first sacrificial layer 201 to the second sacrificial
layer 202 1s 1:3, 1:5, 1.7 or 1:9. In this embodiment, by
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forming the first sacrificial layer 201 and the second sacri-
ficial layer 202 at a thickness ratio less than or equal to 1:10,
the stability of the formed first sacrificial layer 201 and
second sacrificial layer 202 1s ensured.

The matenal for the first sacrificial layer 201 1s different
from the material for the second sacrificial layer 202, and the
ctching selectivity ratio of the material for the first sacrificial
layer to the material for the second sacrificial layer when
ctched by the same etching material 1s greater than 5:1. At
a higher etching selectivity ratio, 1t 1s ensured that the
trenches formed by etching the second sacrificial layer 202
will not be aflected in the process of etching the first
sacrificial layer 201.

The first sacrificial layer 201 and the second sacrificial
layer 202 are configured to form a dielectric layer and
capacitor contact holes between the discrete bit line struc-
tures.

The sacrificial layers 1n the gaps of the discrete bit line
structures comprise a first sacrificial layer on the bottom and
a second sacrificial layer on the top, and the matenal for the
first sacrificial layer 1s diflerent from the material for the
second sacrificial layer. Thus, the depth-to-width ratio of the
trenches to be formed by etching the sacrificial layers by a
single etching process 1s reduced, and 1t 1s ensured that there
are no etching residues on the bottoms of the trenches
formed by each etching process. In addition, since the
maternial for the first sacrificial layer 1s different from the
maternal for the second sacrificial layer, the trenches formed
by etching the second sacrificial layer will not be affected 1n
the process of etching the first sacrificial layer, and it 1s
ensured that completely etched trenches are formed without
allecting the size of the dielectric layer and the size of the
capacitor contact holes.

Various embodiments or implementations in this specifi-
cation have been described progressively, and each embodi-
ment focuses on the differences from other embodiments, so
the same and similar parts of the embodiments may refer to
cach other.

In the description of this specification, the description
with reference to terms “an embodiment”, “an exemplary
embodiment”, “some embodiments™, “an illustrative imple-
mentation” or “an example” means that specific features,
structures, materials or characteristics described with refer-
ence to an implementation or example are included in at
least one implementation or example of the present disclo-
sure.

In this specification, the schematic expressions of the
terms do not necessarily refer to the same implementation or
example. In addition, the described specific features, struc-
tures, materials or characteristics may be combined 1n any
one or more implementations or examples 1n a proper way.

In the description of the present disclosure, 1t should be
understood that the orientation or position relationship 1ndi-

cated by terms “‘center”, “upper”’, “lower”, “left”, “right”,

“vertical”, “horizontal”, “inner”, “outer’ and the like 1s an
orientation or position relationship illustrated on the basis of
the drawings, and 1s only for describing the present disclo-
sure and simplifying the description, rather than indicating
or implying that the specified device or element must have
a particular direction and be constructed and operated 1n a
particular direction. Therefore, the terms cannot be inter-
preted as limitations to the present disclosure.

It should be understood that the terms such as *“first” and
“second” used 1n the present disclosure can be used 1n the
present disclosure to describe various structures, but these
structures are not limited by these terms. The terms are only

used to distinguish a first structure from another structure.

.
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Throughout one or more drawings, the same elements are
denoted by similar reference numerals. For clarity, many
parts 1n the drawings are not drawn to scale. In addition,
some known parts may not be shown. For simplicity, the
structures obtained after several steps can be described 1n
one drawing. Many specific details of the present disclosure
are described hereinaiter, for example, the structures, mate-
rials, sizes, processing processes and technologies of the
devices, 1n order to understand the present disclosure more
clearly. As will be understood by those skilled 1n the art, the
present disclosure may be implemented without these spe-
cific details.

Finally, 1t 1s to be noted that the foregoing embodiments
are only used for describing the technical solutions of the
present disclosure, rather than limiting the present disclo-
sure. Although the present disclosure has been described 1n
detail by the foregoing embodiments, a person of ordinary
skill in the art should understood that modifications can still
be made to the techmical solutions recorded in the foregoing,
embodiments or equipment replacements can be made to
some or all of the technical features, and these modifications
or replacements do not make the essence of the correspond-
ing technical solutions depart from the scope of the technical
solutions 1n the embodiments of the present disclosure.

INDUSTRIAL APPLICABILITY

In the method for forming a semiconductor structure and
the semiconductor structure according to the embodiments
of the present disclosure, the sacrificial layers in the gaps of
the discrete bit line structures comprise a first sacrificial
layer on the bottom and a second sacrificial layer on the top,
and the material for the first sacrificial layer 1s different from
the material for the second sacrificial layer. Thus, the depth-
to-width ratio of the trenches to be formed by etching the
sacrificial layers by a single etching process 1s reduced, and
it 1s ensured that there are no etching residues on the bottoms
of the trenches formed by each etching process. In addition,
since the material for the first sacrificial layer 1s different
from the maternial for the second sacrificial layer, the
trenches formed by etching the second sacrificial layer waill
not be aflected in the process of etchung the first sacrificial
layer, and 1t 1s ensured that completely etched trenches are
tformed without aflecting the size of the dielectric layer and
the size of the capacitor contact holes.

The invention claimed 1s:
1. A method for forming a semiconductor structure,
comprising;

providing a substrate, and forming discrete bit line struc-
tures on the substrate;

forming a first sacrificial layer on a surface of the sub-
strate on bottoms of gaps of the bit line structures;

forming a second sacrificial layer filling the gaps of the bit
line structures, the second sacrificial layer being
located on a top of the first sacrificial layer, and a
material for the first sacrificial layer being different
from a matenal for the second sacnificial layer;

patterming the second sacrificial layer and the first sacri-
ficial layer to form openings, the openings and a
remaining portion of the second sacrificial layer being
arranged alternately 1n an extension direction of the bit
line structures:

forming a dielectric layer filling the openings; and

removing a remaining portion of the first sacrificial layer
and the remaining portion of the second sacrificial layer
to form capacitor contact holes, the capacitor contact
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holes and the dielectric layer being arranged alternately
in the extension direction of the bit line structures.
2. The method for forming the semiconductor structure
according to claim 1, wherein the forming the first sacrificial
layer on the surface of the substrate on the bottoms of the
gaps of the bit line structures comprises:
forming a first sacrificial film that covers tops and side-
walls of the bit line structures and covers the substrate
on the bottoms of the gaps of the bit line structures; and

removing the first sacrificial film located on the tops and
the sidewalls of the bit line structures, a remaining
portion of the first sacrificial film forming the first
sacrificial layer.

3. The method for forming the semiconductor structure
according to claim 2, wherein the first sacrificial film 1s
formed by atomic layer deposition.

4. The method for forming the semiconductor structure
according to claim 1, wherein the first sacrificial layer has a
thickness ranging from 3 to 10 nm.

5. The method for forming the semiconductor structure
according to claim 4, wherein a thickness ratio of the first
sacrificial layer to the second sacrificial layer is less than or
equal to 1:10.

6. The method forming the semiconductor structure
according to claim 1, wherein the forming the first sacrificial
layer on the surface of the substrate on the bottoms of the
gaps of the bit line structures comprises:

forming a first sub-sacrificial layer on the surface of the

substrate on the bottoms of the gaps of the bit line
structures; and

forming a second sub-sacrificial layer on a top surface of

the first sub-sacrificial layer, a material for the first
sub-sacrificial layer being different from a material for
the second sub-sacrificial layer, the first sub-sacrificial
layer and the second sub-sacrificial layer forming the
first sacrificial layer.

7. The method for forming the semiconductor structure
according to claim 1, wherein the forming the second
sacrificial layer filling the gaps of the bit line structures
COmMprises:

forming, on a surface of the first sacrificial layer, a second

sacrificial film that fills the gaps of the bit line struc-
tures and covers the bit line structures; and

planarizing the second sacrificial film until a height of a

remaining portion of the second sacrificial film 1s equal
to a height of the bit line structures, the remaining
portion of the second sacrficial film forming the sec-
ond sacrificial layer.

8. The method for forming the semiconductor structure
according to claim 7, wherein the second sacrificial film 1s
formed by chemical vapor deposition.

9. The method for forming the semiconductor structure
according to claim 1, wherein an etching selectivity ratio of
the material for the first sacrificial layer to the material for
the second sacrificial layer 1s greater than 5:1, when the first
sacrificial layer and the second sacrificial layer are etched by
a same etching maternal.

10. The method for forming the semiconductor structure
according to claim 1, wherein a density of the material for
the first sacrificial layer 1s less than a density of the material
for the second sacrificial layer.

11. The method for forming the semiconductor structure
according to claim 1, wherein the patterning the second
sacrificial layer and the first sacrificial layer to form the
openings comprises:

forming a patterned photoresist on a top surface of the

second sacrificial layer;
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removing part of the second sacrificial layer based on the
patterned photoresist to form pre-openings, the pre-
openings and the remaining portion of the second
sacrificial layer being arranged alternately 1n the exten-
sion direction of the bit line structures; and

removing the first sacrificial layer exposed by the pre-

openings to form the openings.

12. The method for forming the semiconductor structure
according to claim 1, wherein the patterning the second
sacrificial layer and the first sacrificial layer to form the
openings cComprises:

forming a patterned photoresist on a top surface of the

second sacrificial layer; and

removing parts of the second sacrificial layer and the first

sacrificial layer using a same etching material based on
the patterned photoresist to form the openings.

13. The method for forming the semiconductor structure
according to claim 1, wherein the forming the dielectric
layer filling the openings comprises:

forming a dielectric film that fills the openings and covers

the second sacrificial layer; and
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planarizing the dielectric film until a height of a remaining
portion of the dielectric film 1s equal to a height of the
second sacrificial layer, the remaining portion of the
dielectric film forming the dielectric layer.

14. The method for forming the semiconductor structure
according to claim 1, wherein the removing the remaining
portion of the first sacrificial layer and the remaining portion
of the second sacrificial layer to form the capacitor contact
holes comprises:

removing the remaining portion of the second sacrificial

layer based on the dielectric layer and the bit line
structures to form through vias, the through vias expos-
ing the first sacrificial layer; and

removing the first sacrificial layer on bottoms of the
through vias based on the dielectric layer and the bit
line structures to form the capacitor contact holes.
15. The method for forming the semiconductor structure
according to claim 14, wherein the remaining portion of the
second sacrificial layer 1s removed by ashing.
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